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Cat Island, Mississippi, the westernmost barrier island in Mississippi Sound,
demarcates the northeastern extent of the St. Bernard subdelta of the Mississippi River.  
The unusual “T” shape of Cat Island is likely the result of reworking of the original 
shore-parallel island by westward longshore currents post-abandonment of the St. 
Bernard Delta.
XRD analyses performed on Vibracore samples collected from nearshore
Cat Island showed quartz sands were common regardless of depth or location.  Clays
predominated in sediments at depth near the southern tip of the island but were minor
in more surficial sediments.  Lithologically, surficial sediments from the south and west 
were quite similar, particularly the decrease in illite/smectite (I/S) abundance, which may 
reflect westerly reworking of in situ sediments. Analyses indicate this reworking is more 
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In the northern Gulf of Mexico, a series of barrier islands has formed over the last 
3500 to 5000 years (Otvos, 1970a, Schmid, 2001a). Cat Island, of late Holocene age, is 
the westernmost barrier island on the Mississippi Gulf Coast (Figure 1). The island, off 
the coast of Mississippi, is unique in that, unlike most barrier islands, it displays a T-bone 
shape rather than the “normal” elongated shore-parallel form.  Cat Island’s distinct shape 
is partially due to the existence of a now-abandoned subdelta of the Mississippi River. 
Cat Island is subject to the same coastal processes as all other Gulf Coast barrier 
islands (i.e., longs hore current, overwash, etc.).  The combined effects of deltaic
deposition from the abandoned St. Bernard Delta complex and east to west longshore 
current  flow define the island’s morphology (Schmid, 2001).  The purpose of this study 
was to examine the clay mineralogy of Cat Island in an attempt to establish the
provenance of the sediments found near the shoreline. Specifically, variations in
individual clays and in their respective quantities are examined. The progradational St. 
Bernard Delta was active approximately 4600 to 1800 years ago (Roberts, 1997). The 
delta extended eastward to encompass the Cat Island area, protecting the island from the 





















                                                               
 
   
 






efficient route, longshore drift began to influence deposition, giving Cat Island its distinct 
shape (Schmid, 2000, 2001).  
The mineralogic influence of the abandoned St. Bernard Delta (part of the
Mississippi River Delta), with additional limited input from the Pearl River Delta, is 
expected to be more evident on the westernmost, southwestern and possibly northern 
portions of the island because longshore drift from the east and the island’s morphology 
prevent deposition of those sediments on the eastern side. Longshore drift is the primary 
source of deposition of sediments from east to west with most material being derived 
from the Appalachians indirectly and Florida and the Mobile River in Alabama directly 
(Cipriani and Stone, 2001).
Clay mineralogy varies depending on the provenance of sediments. Rivers  
draining into the Gulf of Mexico are responsible for transporting clays and sediments to 
the coast and its associated barriers from differing drainage basins.  Examination of these 
sediments using X-ray diffraction provides a thorough and reliable me thod of obtaining 
both qualitative and quantitative data. 
 Recently, nearly 50% of Cat Island was acquired by the Trust for Public Land for 
$13 million and ownership was immediately transferred to the National Park Service for 
incorporation into the Gulf Islands National Seashore. Plans are to purchase the 
remaining portions (with the exception of 150 acres to be retained by the Boddie family 
and other private landowners) for another $12 million over the next few years.  Cat Island 
is of historical significance because of its use by the U. S. Army Signal Corps in training 
military service dogs during World War II (NPS, 2002). 
 
 













Cat Island, located at approximately 30° 14’ N lat and 89° 05’ W long, lies approximately 
6 miles offshore, south of Gulfport, Mississippi. Cat Island is composed of 1) a large 
east-west trending axis, 2) a smaller east-west spit directly south of the larger shore-
parallel spit and 3) a moderate-sized northeast-southwest trending axis (Figure 2).  The 
Mississippi Sound lies between the northern coastline of the island and the Mississippi 
mainland, while the Chandeleur Sound borders the southern coastline  (Waller and 
Malbrough, 1976).  The shelf extending from Louisiana to Alabama is broad with a 
nearly negligible slope of less than 0.1° (Kindinger et al, 1989). Two major divisions of 
the shelf are 1) the Eastern Sand Deposit and 2) the western portion deposited by the 
Mississippi River and part of the Mississippi River delta plain.  The Eastern Sand Deposit 
covers the shelf east of the MS River delta plain (Mazzullo and Bates, 1985).  Rivers of 
the southeastern U.S. deposited this thin layer of fine to medium quartz sands during the 
late Pleistocene and early Holocene. To the west, the St. Bernard and the Modern 
(Balize) Delta complexes have supplied Holocene sands, silts, and clays (Kindinger et al, 
1989). 
The main NE-SW trending portion of the island is composed of sand dunes and 
ridges. The east-west axes are generally more marsh- like, exhibit dune ridges and are 
linearly forested. Partially submerged tree trunks are found just offshore at the
intersection of the island’s east-west and north-south axes (Foxworth et al, 1962; Schmid, 
2001). The dunes found along Cat Island, approximately 10-20 feet in height (Foxworth 
et al, 1962), are much larger than those of the other barrier islands along the Mississippi 
 
 
                                                                                                                                             
                                                                                                                              
 
             
                            
Figure 2.  Map of Cat Island, Mississippi. Black circles represent 








                                                                                                                                            
 
















Sound coastline, with the exception of Horn Island, which has comparable dunes of 20 
feet (Waller and Malbrough, 1976). 
The St. Bernard Delta is dominated by mud in the Mississippi Sound area and 
transitions to an open shelf clastic facies called the MAFLA sand sheet to the east (Figure 
3). MAFLA is an acronym for Mississippi, Alabama and Florida continental margins 
(Doyle and Sparks, 1980). The MAFLA sand sheet, of Cenozoic age, terminates near 
Cape San Blas, Florida (Doyle and Sparks, 1980). Historically, the St. Bernard Subdelta 
served as a protective barrier for the western portion of Mississippi Sound from wave 
activity in the Gulf of Mexico, with an exception to the southeast. 
A Holocene sand platform extends from Dauphin Island in the east to Cat Island 
in the west (Figure 4) (Otvos, 1977; Otvos and Howat, 1992).  Units associated with the 
Mississippi Sound include the Biloxi Formation, an offshore Pleistocene unit, which is 8-
12 m thick, with gray, muddy sands and sandy muds.  Overlying this unit is the Gulfport 
Formation, a 3.5 to 8 m thick yellowish-brown barrier sand deposit, whose barrier ridges 
formed during the late Pleistocene Sangamonian interglacial period (Otvos, 1991).  
During this period, sea levels were 6-7 m above present (Otvos, 1977; Otvos and Howat,  
1992). 
The east-west ridges on the main body of Cat Island suggest a seaward
progradation and commonly develop parallel to the shore (Davis, 1985). The island 
supports stands of pine and live oak trees and saw palmetto scrub. The existence of the 
partially submerged stumps, as well as sand advancing into the marsh areas, indicate the 
gradual erosion and reworking of sediments along the eastern shoreline of the island 
 
 
                                                                                                                                                                                                                                                                               







Figure 3. Distribution of deposits associated with the MAFLA Sand Sheet. Note St.
                Bernard prodelta facies in upper left-hand corner followed by transition
 zone (upper figure modified from Davis, 1985; lower figure, Doyle 











                   
 
Figure 4. Map depicting location of barrier islands in the northern Gulf of Mexico. Note 
                 location of Mississippi Sound to the west and Dauphin Island to the east.  Cat 
Island (not shown) lies immediately west of Ship Island Pass (modified   
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(Schmid, 2001). Based on the in situ stumps that are aligned with the east-west ridges on 
Cat Island, it is probable that the island once extended several miles further eastward of
its present shoreline (Rucker and Snowden, 1989). 
Longshore drift accounts for significant morphological changes on most barrier 
islands.  In the mid 1800’s, Cat Island extended more than 2 km further south and was 
approximately 0.5 km longer to the west. Between 1850 and 1917, the southernmost 
point on Cat Island, known as South Spit, became 1.5 km shorter and by 1986 was 
approximately 0.5 km further to the northwest (Schmid, 2001). There is some degree of 
in-place erosion (Schmid, 2000, 2001). 
Two weather systems are responsible for the prevailing surface winds that affect 
the Mississippi Gulf Coast barrier islands.  A “Bermuda high” is situated over Bermuda 
and the Azores in the Atlantic. During warmer months, a “Mexican heat low” is located 
over Texas. These atmospheric ridges cause changes in pressure which impact the 
direction of surface winds.  In the spring and summer, winds are generally from the east 
and southeast. During the fall and winter seasons, winds are predominantly east and 
northeast (Waller and Malbrough, 1976). The Mississippi Gulf Coast is a wave-
dominated environment with waves approaching the shoreline at an angle.  Waves are 
driven by winds generally from the east and this contributes to longshore currents moving 
sediments westward. Diurnal tides have an average range in the Mississippi Sound of 
one to two feet (Waller and Malbrough, 1976).
 
 
                 




















Cat Island’s shape is unique among barrier islands.  Its characteristic morphology 
is distinctly correlated to the island’s geographic location, longshore current, and
sediment supply. The purpose of this study was to characterize the Recent sediments of 
Cat Island and investigate their geographic distribution. This investigation examined the 
influence of depositional sources (rivers, deltas) and attempted to explain possible 
provenance of the sediments.
This study had two primary objectives. First, sediment mineralogy was
determined from shallow sediment core samples taken near the island. Sample locations 
are shown on Figure 2. It was expected that there would be significant mineralogic 
differences between the coastlines subject to longshore drift and those coastlines heavily 
impacted by river deltas, particularly in clay mineralogy.  The second objective of this 
study was to attempt to determine the provenance of the sediments based on clay
compositions. Distinct mineralogic differences can be linked to particular sources of 
origin. This study attempted to discern general geographic provenance. Specifically, data 
was collected for the following purposes - 1) overall mineralogic content in each core 
sample, 2) abundance of clays and minerals found within each core sample, 3) 
distribution and abundance of clays as noted at various geographic points, and 4)






















Cat Island is the product of opposing depositional sources (Otvos, 1991; Roberts, 
1997; Cipriani and Stone, 2001). Several theories exist regarding the development of 
barrier islands in general. Otvos (1970a, 1977) and Hoyt (1967, 1970) suggest differing 
theories on barrier island formation. Hoyt (1967, 1970) suggests one possible explanation 
involving submergence of coastal zones where landward portions of beaches and dune 
ridges are converted into lagoons. The remaining ridges left behind become barrier 
islands. This theory requires a stable shoreline with well-developed ridges. The ridges 
would then have to become rapidly engulfed during transgression with  a subsequent 
slower period of sea level rise which allows the islands to build upward.
When the transgression slowed down sufficiently or stopped some 3500 to 5000 
years ago, most of the modern barrier islands in the northern Gulf of Mexico began to 
form (Otvos, 1970a). Otvos (1970b) suggests the Mississippi barrier islands formed not 
from engulfed ridges, but from submarine shoals  that gradually built upward.  Hoyt 
(1970) contends that submarine shoals may be minor contributors to barrier island
formation, stating that only a few islands of short duration were formed from offshore



















sediments landward of barriers would be expected if they had developed from bars.  Hoyt 
(1970) argues that this is not commonly found.
Mississippi barrier islands are of late Holocene age in development and are at, or 
relatively close to, their original locations (Otvos, 1985).  Aggradational-progradational 
platforms are present in the Apalachicola island chain as well as the Mississippi Sound. 
Barrier islands of Mississippi, Alabama and Florida are considered “sturdier” and are 
generally larger than those islands found along the Louisiana coastline because they are 
positioned to receive sands from littoral drift (Otvos, 1985).  Shoaling waves form
aggradational-progradational platforms which occur where there is a gently sloping
nearshore bottom (such as is found along the Gulf Coast) and sufficient sand supplies.  
Two other types of platforms exist - 1) composite platforms, such as those of Dauphin 
and Santa Rosa Islands, and 2) transgressive platforms, such as the Chandeleur and 
Derniere Islands of Louisiana (Otvos, 1970a).  Composite platforms form during sea 
level rise as littoral ridges become engulfed and high ground becomes an island.
Transgressive platforms form by erosional detachment of the mainland from subaerial 
deltaic lands by aggradation from shoals seaward of receding subaerial remnants. 
The St. Bernard Complex
Over the last 5000-7000 years, the Mississippi River has had multiple deltas
(Figure 5).  As a delta progrades out, it will continue to extend outward as materials are 
deposited, eventually becoming less efficient.  When the river path becomes inefficient 
and shorter, more direct route is chosen and the old delta is abandoned. To date, the Sale-
 
 
                                
              
 
 





Figure 5.  Map shows extent of individual delta complexes. The largest lobe shown
                (also the easternmost) depicts the St. Bernard Delta.  Note the northern
                border lies along the east-west axis of Cat Island (U.S. Army Corps of
 Engineers, Waterways Experiment Station, 1958).
























Cypremort, Cocodrie, Teche, St. Bernard and Lafourche Deltas have been abandoned, as 
well as the Plaquemines lobe of the Modern Delta complex (Griffin and Parrott, 1964; 
Bonn and Patrick, 1987).  The active delta is the Balize lobe of the Modern and
Atchafalaya complexes (Frazier, 1967).
The largest of the Mississippi River delta complexes, the St. Bernard Delta 
covered an area of 15,470 km² (Roberts, 1997).  During the St. Bernard phase, the course 
of the Mississippi River was quite similar to the modern course seen today (Frazier, 
1967). The St. Bernard Complex, active 4600 to 1800 before present (b.p.), is the 
easternmost-reaching delta complex of the Mississippi River (Penland, Suter and Boyd, 
1985) (Figure 6). Depositional activity occurred between 2800 to 1700 years b.p (Kolb 
and Van Lopik, 1958). Coleman and Gagliano (1964) indicate this portion of the delta 
received sediments 2600 to 1700 years b.p., at which time it was abandoned and
accumulation began in the Lafourche delta. Peat deposits have been dated from
approximately 4600 years before present to 800 years before present (Frazier, 1967).
Slight discrepancies exis t regarding precise dates. 
Delta building processes are cyclic events. Studies by Trowbridge (1930),
Russell (1937) and Fisk (1944) led to the widely acknowledged process of delta
switching and is evidenced by the Holocene deposits of the Mississippi River.  
Availability of adequate volumes of sediment is the first requirement for delta initiation 
and is associated with the primary stages of stream capture.  Kolb and Van Lopik (1958)
determined that all major delta-building episodes result from a rapid regression in which
the broad delta is deposited (progradation). A distributary network forms as the streams
 
 
                                                             
                
 
     
                               
                              
           Figure 6. Diagram depicting deposits associated with the St. Bernard Delta 
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bifurcate due to sediment build up between the margins of the shallow, unconfined 
stream mouth. As floodwaters deposit sediments, a delta plain forms and aggrades, 
creating natural levees that ultimately confine the streams.  Only the most extreme 
flooding breaches the levees. Progradation continues, enlarging the delta plain.
Eventually, the distributary network becomes overextended and becomes inefficient.
Gradual fluvial abandonment in favor of a more direct and efficient path follows. 
Transgressive reworking of the deposited materials by wave action occurs with a
progression from beaches and spits to barrier islands, and finally submarine shoals 
(Frazier, 1967; Roberts, 1997).  
Roberts (1997) explains the terminology associated with delta environments.
Within a delta plain are delta complexes. The complexes are composed of individual 
delta lobes, which may actually be laterally offset and stacked, indicating a repetitive
process (Figure 7).  It is not uncommon for an abandoned stream to be reoccupied later, 
leading to the development of repetitive depositional phases and a vertical sequence of 
deltaic deposits (Frazier, 1967).  The process of delta switching results in these stacked 
lobes.  Subdeltas are smaller units found within the lobes, followed by crevasse-splays, 
where breaches occur allowing streams to divert from their original path. Each unit
represents  a similar depositional feature, only at differing scales.  Subdeltas are <10 m 
thick and occupy areas of nearly 300 km². The constructive, active and abandonment
phases generally last for 150-200 years, as opposed to that of the overall delta which 
involves 1000-2000 years.  Thicknesses of delta complexes range from 10-100 m.  Delta
complexes cover areas up to 15,000 km². Crevasse-splays are much smaller than the 
 
 
                                       
 
                  
                             
                            
         Figure 7.  Hypothetical overlapping deltaic cycles and associated 
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subdeltas – less than 5 m thick and cover areas of only several km. These units can be 
active for mere decades before being abandoned (Roberts, 1997).
While most studies divide the Holocene cycles into 7 deltaic complexes, Frazier 
(1967) further divides the delta plain into sixteen individual delta lobes. Fourteen of 
these lobes have been associated with 3 complexes - the Teche, St. Bernard and
Lafourche. The six delta complexes of the Holocene delta plain had average durations of 
1000-2000 years and individually occupied areas as large as 15,000 km²  (Roberts, 1997). 
Cat Island was established by the fourth of six St. Bernard Subdeltas, the eighth 
delta lobe of the Mississippi River (Frazier, 1967) (Figure 8).  Boyd, Suter and Penland 
(1989) suggest that the St. Bernard Delta was the first of the highstand delta complexes to 
form and that about 4000 years b.p., it began to develop a significant delta plain.  As this 
delta was being developed, the Mississippi River also initiated development of two more 
delta complexes – the Lafourche and Plaquemines-Modern complexes, which were active 
from 3.5 to 0.4 ka and 1 ka to present, respectively.  
Reworking of St. Bernard deltaic deposits is credited with helping to form barrier 
islands associated with the Mississippi River, particularly the Chandeleur Islands of
Louisiana (Roberts, 1997).  The St. Bernard Delta was an inner shelf delta that prograded 
rapidly and formed multiple elongate, branched distributaries.  Thin, widespread mouth 
bar sands spread into sheet sands and generally accumulated ~ 20-30 m thick sediments
(Roberts, 1997). Reworking of the St. Bernard mouth bar sands as well as the 
distributary channel itself is chiefly responsible for the formation of barrier islands found
along the margins of the delta, particularly the  Chandeleur Islands (Frazier, 1967;
 
 




                 
Figure 8. Map indicating each delta lobe and areal extent. Note lobe 8 extends across 
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Penland, Boyd and Suter, 1985; Otvos,1991; Roberts, 1997).  Cat Island lies at the 
northernmost margin of this delta.
Clay Mineralogy 
  Most clays display a platy morphology and perfect (001) cleavage.  Normally, 
clays are <2 µm in size; therefore studies of clays require specialized analysis due to their 
microscopic nature (Moore and Reynolds, 1997).  Kaolinite, smectite, illite/smectite and 
illite will be the clay minerals examined in this study as these are the predominant clays 
associated with the geographic area (Griffin, 1962; Griffin and Parrot, 1964; Snowden 
and Forsthoff, 1976; Doyle and Sparks, 1980; Bonn and Patrick, 1987). Chlorite will be 
considered as a minor component.
Origins of clay minerals found within the Gulf of Mexico can be largely attributed 
to weathering of parent material (Griffin, 1962).  The composition of the parent rock is 
significant during the primary weathering process but becomes less significant as
weathering continues. Grim (1968) and Moore and Reynolds (1997) report that a single 
parent material can produce kaolinite, yet under different climatic, topographic and 
chronologic conditions can also yield smectite. The length of time materials are exposed 
to weathering processes is important because weathering can be a slow process. A key 
factor in parent rock composition is the presence or absence of alkaline materials. Rocks
with little or no alkalis will produce kaolinitic or lateritic materials unless subjected to an 
outside source of alkalis from groundwater movement (Chamley, 1989). Igneous rocks 
and some low to intermediate grade metamorphic rocks can yield a number of weathering
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products (such as chlorite) depending on the individual components found within those 
rocks (Griffin, 1962). In the early stages of weathering, alkalis may be in the system. 
After a period of time, leaching will remove all the alkalis present (Chamley, 1989). 
Climate is a major contributing factor to the weathering process of any rock. 
Precipitation and temperature combine to significantly impact decomposition of parent 
materials. Warm, humid climates tend to promote rapid decomposition more than any 
other environment. Actual incorporation of water into the material and the introduction 
of soluble salts via that water contribute to the weathering process.  In cool, humid 
climates, organic matter will slowly decay, providing abundant organic acids that are 
available to react with the parent materials (Grim, 1968).
Topography determines the degree of movement of water through the materials. 
Areas saturated with water for prolonged periods due to poor drainage conditions have 
very limited oxidation-reduction zones.  Leaching of soils is limited in areas with slight
topography and therefore, little vertical water movement.  This is significant to
weathering and clay mineral formation because leaching will remove some ions from the 
area, thus creating specific clays or prohibiting specific clay minerals from forming. 
Erosion potentials are also influenced by topography. Erosion rates impact the removal 
rates of weathering products and the incorporation of newly deposited weathering
products from upstream sources (Grim, 1968; Chamley, 1989).
Kaolinite forms by weathering or by the hydrothermal alteration of Al-rich 
minerals, like feldspars. Kaolinite is derived from the intense weathering of laterites in 
the southern/southeastern states (Griffin, 1962). This clay is sometimes called a low-
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latitude mineral because it is abundant in soils and permeable rock found in warm, humid 
climates and essentially increases in abundance toward the equator (Chamley, 1989; 
Moore and Reynolds, 1997). In the Gulf of Mexico, kaolinite predominates in the 
Apalachicola River system and is present as a mixed smectite/kaolinite sediment in the 
Mobile River system (Doyle and Sparks, 1980). In the presence of water, kaolinite does 
not swell on its own and is therefore unaffected by ethylene glycol solvation. However, 
the presence of some organic materials can induce swelling (Moore and Reynolds, 1997).
Illite, including illite/smectite mixed layers, represents the most commonly 
occurring clay mineral found in sedimentary rocks (Moore and Reynolds, 1997).  This 
clay mineral group forms as a result of weathering and erosion or by hydrothermal
alteration. Illite may also form from authigenic alteration of potassium feldspar or a 
recrystallization of smectites in marine sediments at depth because potassium is needed to 
convert smectite to illite (Moore and Reynolds, 1997). Because illite does not swell, it is 
unaffected by ethylene glycol salvation (Moore and Reynolds, 1997). Illite, originating 
from Pleistocene tills, is predominant in soils east of the Mississippi River, up to and 
including the Ohio River Valley (Griffin, 1962). 
Smectites can form in several ways – 1) as the alteration product of volcanic ash 
(Selley, 1988), particularly from the early Paleozoic, which may have been altered by the 
regional metamorphism associated with the Appalachian Mountains (Weaver, 1958), and 
2) it can form as a precipitate in the pore spaces within sandstones and in weathering 
environments with very little water movement (i.e., swamps and semi-arid/arid regions) 
(Berner, 1971). Smectite differs from other clay minerals in that it possesses the ability 
 
 

















to swell in the presence of water. Composed of sheets of alternating molecules of Al-O 
and Si-O, smectite possesses a weak electrostatic charge able to pull water in between the 
sheets, causing it to swell up to 8 times its original size. One possible explanation for this 
could be that the charge is insufficient to keep the layers together, creating larger 
distances between layers. Interlayer cations involved may be more highly attracted to 
water than to the insufficient charge of the layers (Moore and Reynolds, 1997). Smectite 
is associated with the parent rocks (predominantly Pleistocene loess) found in the western 
Mississippi River basin (Griffin, 1962).
Chlorite can form as an alteration product of micas. It is commonly found as a 
detrital component within mudrocks and immature sands (Selley, 1988).  This can be 
explained by the fact that chlorite is easily weathered, which reinforces the minor role it 
occupies in the overall mineralogic scheme, as well as river sediments reflecting different 
drainage basins and therefore, different clay minerals (Moore and Reynolds, 1997).
Fluvial Influences on Clay Mineralogy
  Snowden and Forsthoff (1976) state the importance of recognizing the expected 
clay mineral assemblages from various rivers and their respective drainage basins. The 
clay minerals associated with each contributing river are controlled by the type of clay 
mineral source materials found within the soils of the corresponding watersheds.  Erosion 
within drainage basins is dependent upon local runoff conditions and climate, which is 
reflected as changes in suspended clays from one site to the next.  Individual clay mineral 
presence and abundance may indicate provenance (Snowden and Forsthoff, 1976).
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There are three sources of sediments for the northern Gulf of Mexico. First, to the 
west of Cat Island lies the Modern Delta of the Mississippi River.  The river drains an 
area of 1,243,600 mi² (Isphording, et al, 1989) or 3,344,560 km² (Roberts, 1997) and has 
a suspended sediment load of 213 million tons/yr. Centrally, the Pascagoula and Pearl 
River systems, combined with smaller streams, enter the Mississippi Sound (Figure 9).
The Pearl River drains the Tertiary and Quaternary Coastal Plain of Mississippi and 
Louisiana, with the Pascagoula River draining the extreme southern portion of
Mississippi.  Total drainage area for these systems covers approximately 19,700 miles² 
(Boone, 1973). To the east lies the last source, the Apalachicola River in Florida and the 
Mobile River in Alabama contribute sediments containing primarily materials derived 
from the Southern Appalachian Mountains (Griffin, 1962; Roberts, 1997).
Deposition of up to twenty feet of inland peat began near Cat Island 4000 years 
ago (Frazier, 1967). Based on radiocarbon ages of these peat deposits, individual lobes 
of the St. Bernard and Lafourche complexes (Figure 6) developed 
penecontemporaneously. Frazier (1967) cites the overlapping ages of peat deposits as an 
indication that multiple delta lobes can begin to form simultaneously, even as part of 
separate delta complexes.
Activity from the St. Bernard Subdelta caused significant changes in the clay
mineralogy of the eastern Mississippi River Delta. Pre-St. Bernard, clays were kaolinite-
rich, indicating local rivers were likely sediment sources.  Highly smectitic sediments 
represent the active stage of growth of the St. Bernard Subdelta and sedimentation 
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occurring 2800-1700 years b.p. that is attributed to the Mississippi River, also referred to 
as the St. Bernard Phase (Kolb and Van Lopik, 1958; Frazier, 1967; Bonn and Patrick, 
1987; and Roberts,1997). Over the last 1700 years, the clay mineral suite of the region 
has become significantly less montmorillonitic. The surficial kaolinitic zone is the result 
of the present or Modern phase of the river delta (Milne and Shott, 1958) and reworking 
of longshore drift sediments from the eastern Gulf of Mexico (Griffin and Parrott, 1964).
The majority of the Mississippi River sediment load is rapidly deposited or moved 
westward, implying from west to east, there is a rapid change in sedimentology on the 
delta margin (Van Andel and Poole, 1960). Smectite percentages increase with
subsurface depth while kaolinite decreases, reflecting the St. Bernard phase in the deeper 
sediments. As the river shifted westward, kaolinitic sediments were deposited over the 
smectitic deposits (Griffin and Parrot, 1964).  Surficial sediments reflect the Pearl River 
as the more recent source of materials (Bonn and Patrick, 1987). Nearly ¾ of the 
sediment load of the Mississippi River is transported to the western Gulf of Mexico and 
the remaining ¼ (26%) is incorporated into the northeastern Gulf (Scruton, 1956). 
Of the tributaries of the Mississippi River, the easternmost rivers (Ohio,
Cumberland and Tennessee) contain the most chlorite – up to ¼ of their total clays. 
Those from the westernmost portion (Missouri, Arkansas and Red) are largely smectite 
with only minor chlorite, as a result of tributaries draining the continental interior
(Griffin, 1962; Bonn and Patrick, 1987). From the Upper Mississippi southward down 
the major river course, at least 50% smectite is noted (Scruton, 1956).
 
 
                            
 











The Pearl River is beginning to deposit prodelta clays over the northern edge of the now 
abandoned St. Bernard subdelta of the Mississippi River (Snowden and Forsthoff, 1976).
Smaller rivers (Pearl, Pascagoula, Chipola) tend to be more strongly influenced by bank 
slumping of Cenozoic sediments, which are unindurated. Within the Pearl River
estuaries, changes in clay mineralogy occur, possibly due to salinity differences,
differential flocculation and settling of the individual clay minerals as a function of grain 
size. Kaolinite increases initially, followed by a gradual downstream decrease and is 
likely due to salinity changes and flocculation.  Kaolinite is more abundant closer to its 
source of supply (Griffin, 1962; Bonn and Patrick, 1987).  Smectite values generally 
increase downstream in reverse proportion to kaolinite values (Doyle and Sparks, 1980).
Smectite seems to settle more slowly than other clay minerals, which would explain its 
abundance downstream.  Factors contributing to slow settling of smectite include its platy 
shape, small grain size and relatively low density resulting from its ability to bond with 
water (Chamley, 1989).   Illite abundance is similar to kaolinite, with an initial increase 
followed by a downstream decrease (Snowden and Forsthoff, 1976). 
The Apalachicola River System of Florida consists of three small rivers - the 
Flint, Chattahoochee and Chipola Rivers. All three enter the Apalachicola Bay via the 
Apalachicola River, whose mouth is a prograding delta (Arthur et al, 1989).  The 
Apalachicola River system drains about 50,800 km² , carrying nearly 3 million tons/year
sediment to the coast, provides predominantly kaolinitic sediments (Griffin, 1962; Arthur 
et al, 1989). In the Apalachicola River basin, where weathering is enhanced, kaolinite is 
the primary clay mineral due to longshore drift which transports kaolinitic-rich sediments 
 
 
                 














of the Southern Appalachians from the Apalachicola River to the Gulf. Little suspended 
sediment is found in the rivers of west Florida, compared to the Mississippi River. 
Sediment transport from east to west into Mississippi Sound is currently somewhat 
interrupted by continued dredging of Ship Island Pass (Cipriani and Stone, 2001).  
The Mobile River, along with the Tensaw River, collectively called the Mobile-
Tensaw River System, represents the sixth largest river system in the United States 
(Hummell and Parker, 1995). The system lies approximately midway between the 
Mississippi and Apalachicola Rivers and provides an intermediate clay mineral suite of 
smectite and kaolinite (Griffin, 1962). Suspended sediment load for the Mobile River is 
about 5 million tons/yr  (Griffin, 1962).  The Pascagoula and Escatawpa Rivers contribute 
primarily sands, silts and clays to the central portion of  Mississippi Sound (Hummell 
and Parker, 1995). 
Sand Characteristics
Sediment sources are the key to the mineralogic composition and texture of river 
sands (Mazzullo and Bates, 1985).  Within the Mississippi Fan, well-rounded sand grains 
were found, as well as elongated, angular sand grains. The well-rounded grains are 
common in the Mississippi and Eastern Gulf Provinces of the Gulf of Mexico. Elongated 
and angular sand grains are characteristic of sediments originating in the Southern 
Appalachian Mountains (Mazzullo and Bates, 1985).  
Mississippi River sands are considered feldspathic or arkosic (25%), with
oligoclase dominating. Sand grains of the river become finer grained and progressively 
 
 









well-sorted downstream.  The Gulf Coastal Plains rivers are generally orthoquartzitic. 
The feldspar content of Pleistocene age Mississippi River sands is comparable to present 
content. The heavy mineral distribution is practically identical, as well.  Sands found 
near the Mississippi River Delta are more feldspathic, but decrease westward to Texas 
from dilution (size sorting) and weathering due to transport (Hsu, 1960).  Along the 
eastern Gulf of Mexico, sands are coarser-grained and feldspar-poor.  The eastern Gulf is 
extremely lacking in garnet and rich in staurolite/kyanite. West of the Mississippi River 
Delta, the opposite is found – a garnet-rich sediment with very little staurolite/kyanite 
(Hsu, 1960).
Mazzullo and Bates (1985) suggest sands of the Mississippi Province are derived 
from the extensive sedimentary rocks encountered within the Mississippi River drainage 
basin. They examined sand grains of the Mississippi Province and found them to be 
significantly rounded with little or no overgrowths.  These facts suggest that the sand 
grains were derived from unconsolidated materials found within the drainage basin. 
Mazzullo and Bates (1985) believe the origin to be Tertiary and Quaternary coastal plain 
sediments and lower Paleozoic sandstones found along the riverbanks, such as the St. 
Peter Sandstone from as far away as Minnesota. Van Andel and Poole (1960) contend 
that the primary source for these sands is glacially derived.  The presence of distantly-
sourced heavy minerals found with the sands is cited as evidence.
Hsu (1960) stated that rivers receiving source materials of igneous and/or
metamorphic origin, such as the Apalachicola River, will contain significant amounts of 
feldspar.  Rivers supplied with second or third cycle sediments will contain only very 
 
 

















minor amounts of feldspar, which weathers easily. Sands of the northeastern Gulf of 
Mexico from Mobile, Alabama to Apalachicola, Florida are fine to medium-grained, with 
those west of the Apalachicola River being finer grained (Hsu, 1960). Additionally, these 
sands are very well-sorted, compared to the sands found east of the river, which are less 
well-sorted.  
Reworked Pleistocene sediments are the likely source of the beach sands 
in northwest Florida. It is believed these sands were at one time part of early Tertiary 
formations, with an insignificant contribution from the Southern Appalachians.  These 






















Sample sites were selected along the eastern, southern and western margins of Cat 
Island (Figure 2).  Mechanical problems prohibited collecting samples along the northern 
margin of the island. Cores were obtained using a Vibracore sampler, which is preferable 
for shallow soft sediment core sampling. The research vessel Kit Jones, courtesy of the 
Mississippi Mineral Resources Institute, provided transportation to the island for
sampling. Because the Vibracore rig is crane-mounted onto the vessel, all sampling was
conducted onboard. Additionally, the depth of the water near the barrier island’s
shoreline prohibited the vessel from directly approaching the island. Samples were taken 
approximately ¼ to ½ mile offshore.
Gross descriptions of the core samples were obtained.  Within the core where 
lithology appeared to change, a sample was taken for further investigation.  Thin sections 
were prepared in order to perform point counts, providing a measure of mineralogic 
composition and percentages of occurrence. Additionally, samples from these areas were 
collected for X-ray diffraction analysis.  The X-ray diffraction studies were expected to 
yield a more complete representation of the mineralogy of the sediments.  Three sets of 




















packing. Intensity values were be collected at 0.02° 2Ø increments at 2 seconds per step
for best results.  These increments provided X-ray diffraction patterns of intensity peaks
that are consistent with and characteristic of the component minerals (Moore and 
Reynolds, 1997). 
Non-clay minerals produce sharper intensity peaks than clay minerals because 
high quality crystalline material (such as quartz) will generate very sharp peaks. Quality 
refers to the length over which the crystal order exists, as well as repeatability of spacing. 
Clays are more poorly crystalline and exhibit broader diffraction peaks.  Clay minerals 
were identified using the X-ray diffraction patterns of oriented aggregates that enhance 
the basal or 001 reflections. The atomic pattern along the Z direction is the most 
diagnostic because it is the most unique from one mineral to the next (Moore and 
Reynolds, 1997).
Minerals display characteristic peaks when X-rayed.  The term “characteristic” 
refers to a peak which is not masked by interference or blocking by the intensity peak of 
another mineral present. The ratio of a given mineral’s peak intensity to the
characteristic quartz peak intensity at 26.6° 2Ø is that mineral’s MIF or mineral intensity 
factor (Lynch, 1997). Quartz is considered the standard with an MIF of 1.00 (Moore and 
Reynolds, 1997; Lynch, 1997). The corrected value obtained by dividing a phase’s 
characteristic peak intensity by its individual MIF is a function of the amount of the 
phase in a given sample. The value is then ratioed with the other phases to total 100%. 
For whole rock samples, the MIF does not quantify the individual clay minerals present, 





















Core recovery was not 100 percent in samp ling due to entrapment of some 
seawater during the drilling process (Appendix).  Recovery also was dependent on how 
well the catcher retained the sediments cored. Where clean quartz sands were common, 
some cores partially washed out, reducing recovery.  At Core 04 and Core 05 sample 
sites, only grab samples were recovered due to mechanical difficulties.  These samples 
were analyzed; however, their values were not included in comparisons due to
uncertainty of the depth from which they were obtained.
For consistency purposes, all cores were measured from the base of the core 
tubing. Samples are thus identified with core number first, followed by a number 
representing height from the base of the core (i.e. Sample 0377 was derived from Core 
03 and was 77 inches (~195 cm) from the base of the core). In general, the higher the 
value of the second number, the more surficial the sample.  Core 03 is discussed first as a 
single unit, then broken down into Upper Core 03 and Lower Core 03 in reference to 









                
 
 
      
 
  
   
   






Approximately 60% of both cores 01 and 02 were recovered.  Gross descriptions 
of these cores indicated fine-grained tan sands with few micas present. Grains are 
rounded to sub-rounded.  Core 03 was the only complete core recovered with the surficial
17 inches (~ 43 cm) composed of fine to medium sands.  Below the sands lies a distinct 
lithologic boundary in which sands terminate and stiff dark-gray clays occur.  Several 
small sand lenses exist throughout the clayey portion; however clay is the predominant 
sediment. Only 40% of Core 06 was recovered with fine to medium-sized grains present.  
Tan to brown rounded clayey sands occurred throughout the core.
Whole Rock Data 
Thirty-nine samples were X-rayed for whole rock abundance of quartz, feldspars 
and total clays. Because Core 03 displayed a marked lithologic boundary, the core was
treated throughout all analyses as Upper Core 03 (sandy portion) and Lo wer Core 03 
(stiff clay portion). Average values for all cores were compared (Figure 10, Table 1).
Cores 01 and 02 contained almost 100% quartz, no clays and = 1% feldspars
(Figure 11).  Upper Core 03 is composed of quartz (>90%) with subequal amounts of 
clays and feldspars. As expected, lithology within Lower Core 03 was markedly
different from Upper Core 03 (Figure 12).  Average total clays in Lower Core 03 were
 > 30% and feldspars were >10%. One sample from Lower Core 03 contained as much 
as ~70% clay. Quartz content decreased by nearly 50% in this portion of the core.  Core 
06 contained predominantly quartz (>90%), with subequal amounts of clays and feldspars
 
 

















core 01 core 02 upper core 03 lower core 03 core 06
clays 0 0 3 34 5 
quartz 99 99 92 52 93 
feldspar 1 1 5 14 2 
Mineralogy of Cores 
clays quartz feldspar 
Figure 10. Comparison of whole rock mineralogy of all cores.  Lower Core 03 is 










                 
Table 1. Whole rock data for all cores with averages.   





                 
 
                 
 
           
 
    
                                                   
(a)  Sample from Core 01.
(b) Sample from Core 02.
 Figure 11 (a) and (b).  Whole rock XRD patterns comparing Core 01 
and Core  02. Note the two patterns are nearly identical.
 









                
 
 
                                       
                
(a) Sample whole rock XRD pattern from Upper Core 03.
(b) Sample whole rock XRD pattern from Lower Core 03. Note difference
 between pattern from Upper vs. Lower Core.
   Figure 12 (a) and (b). Examples of glycol-saturated XRD patterns of < 2µm fraction 
sediments from Upper/Lower Core 03. Note distinct quartz peaks         
in both (a) and (b), with large clay peak in (b). 
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                Figure 13.  Whole rock XRD pattern for Core 06.  Pattern from upper portion 




                                   















(Figure 13).  Occasionally, very minor amounts of apatite and/or calcite were present in 
the cores, indicating the possible presence of bone fragments and/or shell fragments.
Clay Mineralogy
Because Cores 01 and 02 contained no measurable clays, all compared oriented 
slides were derived from Cores 03 and 06. Five of twenty-three clay slides prepared for 
X-ray analysis  were taken from grab samples, which were analyzed but not included in 
comparisons. The remaining 18 oriented slides were used for comparison purposes. 
Individual clays analyzed were kaolinite, chlorite, illite and illite/smectite (I/S).  Clay 
mineral abundances are shown in Table 2.  Representative oriented clay XRD patterns are 
shown for Lower Core 03, Upper Core 03 and Core 06 in Figures 14 and 15.
Kaolinite abundance in Lower Core 03 was relatively consistent. Core 06
appeared to contain more kaolinite (15-20%) toward the surface. Upper Core 03 was also 
slightly more kaolinite-rich (16-22%), particularly toward the surface. Chlorite was 
slightly more abundant in Upper Core 03 (14-23%) than in Core 06 at depth (12-17%).  
Lower Core 03 contained the least chlorite (~9%). Within both cores, some degree of
fluctuation occurred before a trend was recognized, particularly in Core 03.
Illite abundance between Cores 03 and 06 are similar.  Throughout both cores,
abundances fluctuated similarly (42-50%), with two low values (36-38%) in Lower Core 
03.  Illite was the most abundant clay mineral in all core samples examined, with no 
notable trend recognized in illite abundance with regard to depth. Illite/smectite (I/S) 
abundances (mixed- layer clay) were the most variable clay mineral values within the 
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0377 22 5 51 23
0368 17 21 48 14
0364 16 20 47 17
AVG 18 15 49 18
LOWER CORE 03
0357 18 26 46 10
0350 17 34 40 9
0342 10 44 36 10
0337 12 33 47 7
0330 13 33 44 11
0324 12 30 50 7
0318 10 39 44 7
0312 10 46 38 7
0306 9 32 48 11
0301 10 33 48 9
AVG 12 35 44 9
CORE 06
0634 20 16 47 16
0626 15 31 42 12
0618 12 21 54 14
0609 11 27 50 12
0601 12 20 52 17
AVG 14 23 49 14
 
 
                                                                                                                                          








(a) Representative oriented clay XRD pattern from Upper Core 03.
(b) Typical oriented clay XRD pattern from Lower Core 03. 
           Figure 14 (a) and (b).  Clay XRD patterns from Core 03. Note differences in  
                                               peaks at ~17-19° 2?.
 




                            
 
 











Figure 15. Oriented clay XRD pattern from Core 06. 
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cores. Core 06 fluctuated somewhat in abundance (~16-31%), with no real trend at depth 
(Figure 16). As samples became shallower, I/S abundance decreased to its lowest value 
(~16%). Trends associated with depth were noted in Core 03. Samples obtained from 
depths of 5-7 feet (~152-213 cm) (Lower Core 03) also fluctuated; however, unlike Core 
06, the abundance values were consistently higher (26-46%) (Figure 17).  Upper Core 03 
showed a decline in I/S abundance toward the surface and as with Core 06, the most 
surficial sample contained the least amount of I/S (~5%). In general, a comparison of 
Core 06 with Lower Core 03 and Upper Core 03 suggests that as sediments begin to be 
more surficial, Cores 06 and Upper Core 03 are most similar in clay mineralogy.
Grain Size
Grain size analyses of sediments from Cores 01-03 and 05-06 indicated
similarities like those seen in the whole rock and clay data, as seen in Table 3, Figure 18. 
Again, Core 03 was treated as Upper and Lower.
Data for Cores 01 and 02 remained consistent, having an average grain size of 
0.25 mm each. Upper Core 03 (0.28 mm) continued to be markedly different from the 
lower portion of the core. Lower Core 03, again, was most unlike all other cores (0.22 
mm). Grain sizes in Upper Core 03 and Core 06 were most similar, with average values 
of 0.28 mm and 0.31 mm, respectively. 
 
 
























































 Figure 17. Individual clay abundances in Core 03. Note variation in I/S values.
Brackets indicate Upper Core 03 samples.
 
 




             
 Sample I.D.  Average Grain Size  (per individual sample)
 Core 01-01  0.32 mm
 Core 0122.5  0.24 mm
 Core 0154  0.19 mm
 AVG FOR CORE  0.25 mm
 Core 0201  0.25 mm
 Core 0208  0.27 mm
 Core 0236  0.25 mm
 Core 0257  0.24 mm
 AVG FOR CORE 0.25 mm  
 Core 0306  0.23 mm
 Core 0337  0.23 mm
 Core 0350  0.20 mm
 Core 0364  0.26 mm
 Core 0377  0.29 mm
 AVG FOR CORE  0.28 mm
 Core 0601  0.32 mm
 Core 0618  0.28 mm
 Core 0634  0.32 mm
 AVG FOR CORE  0.31 mm
-48-










                        
 
  
                      




























  Figure 18.  Average grain size in all compared cores. Note similarities between Cores 
01 and 02, and between Upper Core 03 and Core 06.  Complete listing of 





            













Cat Island, an originally elongate “normal” barrier island formed by sediment 
derived from the St. Bernard Delta of the Mississippi River (Penland, Suter and Boyd, 
1985; Roberts, 1997), has been transformed post-delta abandonment into the unusual “T” 
shape seen today. The “T” configuration is likely a result of longshore current from the 
east and diminished but continued influence from the west, with the two opposing
influences maintaining the island’s unique form.
The sediment in Core 03 likely represents two distinctly different depositional 
events. The location of Core 03 would have been an offshore facies when Cat Island was 
a “normal” elongate barrier island (~2000-3000 years ago).  Once the St. Bernard Delta 
was abandoned, the deltaic influence from the west was greatly diminished (Frazier, 
1967; Roberts, 1997) and longshore current influences began to affect the eastern side of 
the island, essentially reworking the elongate form backward into a more shore-
perpendicular form (Figure 19). The mineralogic changes found within Core 03, and the 
differences and similarities between sediments from Core 03 and Core 06 can be 




                                                                                                                                  















Figure 19.  Theoretical “original” island configuration. Note winnowing effect (far left)  
seen from westerly influence of Mississippi River and longshore current from 
                   east (top left and bottom center) washing sediments to the west (Modified  
                   from.LandSat image).
 
 









A marked change in lithology occurs between Lower Core 03 and Upper Core 03, 
signifying the shift in sedimentation from an offshore facies just south of the original 
island to a nearshore facies as the island morphology changed.  Lower Core 03 sediment 
contains comparatively sparse quartz sands and >30% clays in most samples. Upper 
Core 03 is very clay-poor and is mineralogically similar to sediment within Core 06 
(Figure 2).
Before St. Bernard Delta abandonment and the formation of the “T”-shape of Cat 
Island, the sediment from Core 06 and that found today in Upper Core 03 would have 
both been part of the original shore-parallel barrier island configuration.  After delta 
abandonment, the sediment at the eastern end of the island was reworked westward into 
the shore-perpendicular “T”-shape present today. Core 06, the westernmost sample site, 
has not experienced any marked change in lithology because it has remained relatively 
stable since the island’s formation. Delta abandonment and westerly reworking changed 
the depositional environment at the site of Core 03 from low-energy offshore during the 
St. Bernard Delta’s active phase to high-energy nearshore as the island was eroded in the 
east, redepositing sediment on the “T”. As the depositional environment changed, that 
change is manifested in Core 03 sediments as the sample transitions from clay-rich 
(abundant I/S) at depth to clay-poor (mostly kaolinite) closer to the surface. 
Grain size data within Core 03 varies with depth.  Lower Core 03 contains the 
smallest average grain size. In contrast, Upper Core 03 exhibited the second largest 
average grain size and Core 06 contained the largest average grain size.  Changes found 
within Core 03 are consistent with the proposed sediment reworking and changing 
 
 









   
 
 
      
                                                         
   
-53-
depositional environment hypothesis. Again, Core 06 has remained relatively stable and 
therefore does not exhibit any marked changes in grain size.
Sediments obtained from Core sites 01 and 02, the northern-/easternmost sites, 
were part of the original shore-parallel island (during the active phase of the St.
BernardDelta) before reworking occurred.  These “original” sediments were part of a 
higher wave energy environment (a nearshore/beach facies) where little, if any,
significant clay would be present. Neither Core 01 nor Core 02 contained any
measurable clay as a result and only slight differences were noted between these sites and 
those to a) the west and b) the upper southern sites. Unlike Core 03, no distinct lithologic 
boundary was seen in the northern core sites. It is reasonable to assume that simply not 
enough core was recovered to penetrate that boundary. Grain size data from both
northern cores was identical, which in combination with the lithologic evidence, reflects 
contemporaneous deposition. 
An investigation of the lithology of Recent sediments from Cat Island,
Mississippi suggests reworking of those sediments from the “original” shore-parallel 
island into the current island’s distinct “T”-configuration.  A combination of
contemporaneous geologic processes continues to maintain Cat Island’s unique
morphology. Sufficient sediments from the Modern Mississippi River Delta exist to 
cause the flowing effect seen in Figure 19 and the influence of westerly longshore current 
can be seen, as well, with the  northern and  southern tips of  the island both showing





           
 
 













Vibracore sampling from nearshore Cat Island, Mississippi yielded 
unconsolidated Recent sediments that were analyzed for individual clay and whole rock 
occurrences. The ana lyses obtained provided information regarding potential
depositional history of the sediments.  
Differences in mineral content led to the determination that lithologic differences
are more likely the result of reworking of in situ sediments than the introduction of new 
outside sediments. Evaluation of the data suggests that the original elongate
configuration of Cat Island was relatively stable as long as the St. Bernard Delta was 
active, but upon abandonment, only the western portion of the island was maintained in 
its original form. The eastern portion was apparently reworked by longshore currents 
into a more shore-perpendicular configuration or the characteristic “T”- shape seen today. 
The southernmost sample site, once an offshore environment but now close to the “T” 
portion of the island, contains a distinct clay zone overlain by a marked sandy layer.  This 
upper sandy portion displays a mineralogic similarity to the westernmost samples located
on the shore-parallel portion of the island.  This suggests that sediments on the “T” were 























poor sands appear to have been deposited over the stiff clays below associated with the 
originally offshore zone, thus accounting for the distinct boundary seen within Core 03.
Cat Island, Mississippi exhibits one of the lowest erosion rates found in barrier 
islands along the northern Gulf of Mexico (Schmid, 2001a).  The combined influence of 
deltaic deposition to the west (though diminished) and longshore current from the east are 
credited with the stability of the island. Each influence effectively counters the other.
Understanding how the coastal processes of deltaic deposition and longshore 
current can combine to maintain stable barrier islands may serve as a model in future 
geological/engineering endeavors to reduce coastal erosion. A companion project is 
currently underway to examine the heavy mineral composition of Cat Island and may 
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Figure 20. Gross Description of Core 01.
 
 
                            
 








Figure 21. Gross Description of Core 02. 
 
 
                                                                                                                      








Figure 22. Gross Description of Core 03.
 
 












Figure 23. Gross Description of Core 06.
